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FUMINORI TERADA *1 
Energy ,tJetabo!iSI11 Laboratory. National Instirute of 
Animal Industry, Tsukuba. Ibaraki 305. *' Agriculture. 
Forestry and Fisheries Research Council Secretariat, 
A1A FF. Chiyoda-ku, Tokro 100, *2 and Laboratory of 
A nill/al Nutrition, Tokyo Unirersity of A gric 11 It ure, 
Selagaya-ku, Tokyo 156. *3 Japan 
Methane (CH,) production in ruminants has been investigated with a 
view to reducing energy loss of diets during the fermentation process in the 
rumen (1). However. at the same time. CH. produced by methanogenic 
bacteria plays an important role in eliminating hydrogen from the rumen 
because hydrogen is toxic to microbial growth. 
It was recently shown that CH, was one of the major greenhouse gases 
(6). The most important sources of CH, are natural wetlands (21%). fossil 
fuel related to natural gas. coal mines. and coal industry (16%). enteric 
fermentation (16%). rice paddies (I 1%1. biomass burning (7%). landfill (7%), 
and animal \\aste (S'?;;) (6). Current CH, emission from enteric fermentation 
in domestic and wi Id an imals is esti mated to be about 85 (65 to 100) 
teragrams (g.I012 )/year (6). Among animals. ruminants are thought to be 
major anthropogenic emitters of this gas. Estimates of potential CH, reduc­
tions from ruminant animals are approximately 30% (7). However, the 
estimated value of emission rates is not certain yet because a variety of 
factors have strong influence on the amount orCH, produced in ruminants. 
The objecti\e of this review is I) to clarify the etfect of dietary factors 
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and le\el of milk production on CH" production, 2) to evaluate the change 
in total CH, emission from lactating co\\s in Japan, and 3) to identify 
possible methods for reducing CH, production in ruminants. 
I. METHA7\E PRODL'CTIO'-: I~ RUMINAi\TS 
In adult ruminants the rumen represents about 85% of the total stomach 
capacity. The main function of the rumen is to d plant materials which 
cannot be digested by the host enzymes. The materials are fermented into 
\olatile fatty acids. carbon dio.\ide. and CH, by microorganisms such as 
bacteria. fungi. and protozoa. Rumen methanogenic bacteria utilizes either 
hydrogen and carbon dioxide or formate, acetate, methylamine, and meth­
anol to produce CH,. The primar) mechanism is the conversion of hydro­
gen and carbon dioxide. or formate. 
I. EjJect of Feed Intake 
Daily CH~ production (liter/day) \\'as significantly different among 
ruminant species fed to meet approximately 1.5 times their maintenance 
requirements (151. Heifers produced about 7 times and 9 times the CH 4 
produced by sheep and goats. respectively. These results are not far from the 
multipliers for "Li\estock units": cattle=0.8. sheep=O.!. and goals=O.1 
reported by Gibbs et al. (4). However. there was no significant difference 
among ruminams in CH, production (liter/kg) for various nutrient intakes 
of dry matter (DM). crude fiber (C F), and nitrogen free extracts (N FE) ( 15). 
This confirms that CH, production is influenced by the level of nutrient 
intake. and not by size of the ruminants. 
Shibata et al. (16) investigated the relationship between DM intake 
and CH, production using the data from 190 total energy balance trials with 
dai ry cattle, beef cat! Ie. sheep, and goats. Oai ry cattle incl uded lactati ng, 
pregnant. and dry Holstein cows. Beef cattle included steers, pregnant cows 
and dry cows of Japanese Black species. and Holstein steers. Lactating cows 
showed the highest OM intake and the lowest CH 4 production per unit OM 
intake. This production per unit DM intake decreased with increased level 
of feeding although overall daily CII" production increased. Coppock e£ al. 
(2) found a similar relationship and the reason could be various factors 
such as changes in the rumen fermentation pattern or the mean retention 
time of feed in the rumen (17). The relationship between CH 4 production 
(VI. liter/day) and DM intake (D\11, kg/day) can be expressed as foHows: 
YI 17.766+42.7930Ml 0.8490MF (r 0.97**) (i) 
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Fig, I, Relationship bet\\een 4% FCM and methane production, 
Using this equation. CH. production by ruminants can be estimated ade~ 
quatel) from OM intake alone, although the equation rna} not be appli~ 
cable to ruminants gl\en poor quality diets such as agricultural b\­
products, 
2. Effect of lv/ilk Production 
CH, production resulting from maintenance metabolism has to be 
regarded as non-productive since this is gas released without any benefit to 
milk production (9), The ratio of non-productive to productive CH 4 
decreases with higher milk yield (9). In an investigation using 115 total 
energy balance trials with lactating cows. as daily 4% fat-corrected milk 
yield (FCM. kg/day) increased. daily CH, production also increased. but 
CH 4 production per unit FCM (Y2. liter/kg FCM) hyperbolically de­
creased as shown in Fig, I (11). A regression equation was derived as 
follows: 
Y2==8,19 300/FCM (r 0,82**) (i i) 
This result indicates that if FCM increases from 5 to 10,20. and 30 kg/day, 
CH. production per unit FCM decreases from 68 to 38.23, and 18 liter/kg 
FCM. respectively. 
3. Changes in Methane Emission from Lactating Cows in Japan 
Figure 2 shows the changes in FCM and CH. emission from lactating 
cows in Japan (l/), Total CH, emission per year was derived from lactating 
cow popUlations and CH 4 production per head was estimated by using the 
above equation (ii). average milk yield and average milk fat percentage each 
year. Until 1980. the increase in total CH 4 emission per year paralleled the 
increase in total FCM per year; after 1980 total FCM per year increased by 
30%. although total annual CH 4 emission was approximately constant 
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Changes in 4% FCM and CH, emission from lactating cows in Japan. 
because CH 4 production per unit FCM decreased with the increase in FCM 
per head. These results suggest that it is possible to achieve both an increase 
in total nlilk production and to control total CH 4 enlission by increasing 
the level of milk production. 
II. DIETARY MANIPULATION OF METHA~E PRODUCTION IN RUMI­
NANTS 
CH 4 production is believed to be influenced by the type and level of 
diet. Moe and Tyrrell (13) showed the relationship between CH 4 produc­
tion and type of carbohydrate digested. Holter and Young (5) reported the 
relationship between CH 4 production and se\eral dietary factors such as 
chemical composition of diet. nutrient intake. and digestibility. Also. 
Shibata et al. (15) conducted regression analyses of CH 4 production on 
nutrient intake 1.5 times below maintenance needs of the animals. A 
multiple regression analysi, sho\\ed that CH 4 production had a positive or 
negati\'e correlation \\ith carbohydrate intake. such as the amounts of CF. 
NFE. neutral detergent fiber. acid detergent fiber. and starch intake. or 
nitrogen intake. respectively (14, 15). Howe\er. CH 4 production was not 
influenced as much by type of carbohydrate at low intake as at higher intake 
(13, 15). 
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TABLE 1 
Effect of Roughage-concentrate Ratios on I\lethane (eH,) Production 
Goals 
H90 H75 H60 H~5 H30 
DM kg'dal 0.660' 0.589* • 0.574····· .. 0.545*** 0.513**** 
DM digesubilitl. Q' 0 62.9* 63.5 *,* * 71.6····.. 74.6'" 76.9* ** 
eH, Ikg D\1 26.1' 28.7*'·- 3L7*'** 34,6*" 33,9** 
U' 
.0 ME imake I 1.2 12.6 j 1.8 12.:: 11.4 
R30 
18.2' • 
66.2*' 
JLI 
=====----.-.-~ 
R70 
0["-,1 intake. kg da: 15.9' 
OM dige,ubilit:. o~) 62.S" 
eH, Iikg D,,-1 _·L1.~' 
0' 
0 \IE Imake 14.3 12.9 10.5 
---_..... 

Goats \\ere fed to meet their maintenance energy requirement. Roughage-concentrate 

ratio: H90. hay 90°,;: H75. hay 75%: H60. hay 6000: H45. hay 45%: H30. hay 30%: R 70. 

roughage 70°0: R50. roughage 500.,;: RJO. roughage 300,i. '.**." *."*' Means in the same 
ro\\ I\ithln anim,ll II'itll different ~uperscripts differ (p<0.05) by Student's I test. Data 
from Kurihara at. (10. 12) 
l. Effect of Hay-concentrate Ratio 
Table I indicates the effect of hay to concentrate ratios at the same 
crude protein content (12%) of diet on CH, production in goats (12). The 
five Je\els of ha: to concentrate ratios were 90 to 10 (H90). 75 to 25 (H75). 
60 to 40 (H60). 45 to 55 (H45). and 30 to 70 (H30). These approximately met 
maintenance energy requirements. CH, production per unit DM intake 
increased with rise in the ratio of concentrate intake to hay intake until H45. 
However. the ratios of CH, energy loss to metabolizable energy (ME) intake 
were similar. These results imply that if ME intake of goats is at a mainte­
nance energy level. daily CH, production is not influenced by the hay to 
concentrate ratio. 
On the other hand. lactating cows were fed one of the three levels of 
roughage to concentrate ratios: 70 to 30 (R70), 50 to 50 (R50), or 30 to 70 
(R30). High concentrate diet reduced both CH, production per unit DM 
mtake and the ratio of CH, energy loss to l\1E intake compared with 10\\ 
concentrate diet. Therefore, m lactating cows it is important to increase the 
ratlo of concentrate to total diet in order to reduce daily CH, production. 
2. Effects of CP Content of Diets 
Table II sho\\ s the elTecI of crude protei n (C P) content on C H" 
production in goats fed a maintenance energy level diet (/2). The four levels 
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TABLE II 
EfTect of Dietary CP Content on Methane Production in Goats 
CP7 CP9 CPI2 
DM intake, g/day 
DM d igesti bi I ity. 
CH, I/kg DM 
o· 
'0 ME intake 
o· 
n 
618 
55.0 
20.3* 
14.9 
630 
57.7 
32,2*'''* 
15.7 
632 
58.5 
36,3*** 
17.7 
637 
57,0 
34.6* *.* '" '" 
17.0 
Goats were fed to meet their maintenance energy requirement. Data from Kurihara er al. 
(10, 12). 
TABLE III 
Efrect of CP and In Concentration of Diets on f\lethane Production in Dry Cows 
CP6.5 CP8.S CP8.5 lna : 
DM kg. day 6." 7.8*' 6.4' 
In content. ppm 12 ' 12' 1.310" 
DMdigest., % 49 51 47 
DMdisap.Y % 56' 66" 38*"'* 
CH, I/kg DM 19'(90) 21'( 100) 8"(38) 
90 ME intake 10.0' I 1.2 * 4.4*' 
a)Dry CO\\S were fed diets supplemented With zinc sulfate (35 g/head/day). hlDMdigest.: 
dry matter digestibility. cIDMdisap.: dry maller disappearance in rumen after 48 hI' 
incubation. Data from Kurihdra er 01. (ll). 
of CP content \'. ere 4% (CP4), 7% (CP7). 9% (CP9). and 12% (CPI2). CH. 
production per unit 0\1 intake and the ratio of CH, energy loss to ME 
intake increased "'ith the rise in CP content of diets from CP4 to CP9, 
Ho\vever, the difference between CP9 diet and CP 12 diet was not clear. 
These tendencies also agreed \\'ith the results in dry cows (Table JII). When 
ruminants were fed sufficient CP above the maintenance energy level, 
however. daily CH, production was negatively related to daily CP intake 
(14, 15). 
3. Effects of Zinc Sulfate Supplementation to Diet 
Since protozoa generates a relatively large amount of hydrogen. meth­
anogenic bacteria attach to the surface of protozoa. Zinc sulfate sup­
plementation of ruminant diets at levels greater than 1.000 ppm was demon­
strated to defaunate the rumen (3). Therefore. defaunation caused by zinc 
sulfate supplementation may result in decreasing CH" production. Tables 
III and IV show the etfect of zinc sulfate supplementation (35 gjheadjday) 
on CH. production and rumen fermentation in dry cows (/2), The ruminal 
protozoa numbers and cellulolytic bacteria numbers tended to decrease. 
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TABLE [V 
Effect of CP and Zn Concentration of Diets on Rumen Fermentation in Dry Cows 
CP6.) CPS.5 CPS.5 Zn 
pH 7.1 7.0 6.9 
Zn (ppm) 0.175' 2.455' , 
NH3-N (mg/ 100 ml) 2.0 13.7 10.1 
Total VFAs (mlllol/l) 57.1 65.0 53.1 
Protozoa (log no./rnl) 4.8 4.8 2.2 
Bacteria (log MPN/ml) 
Cellulolytic 8.1 8.4 6.8 
Methanogenlc 7.7 7.9 7.2 
VFAs: volatile fatty acids. MPN· most probable number. ····Same as in Table L 
CH, production of dry cows fed zinc supplemented diet significantly 
decreased by 60% compared with that of cows fed CPS.5 diet. However, in 
a high zinc diet. OM intake and OM disappearance rate of hay in the rumen 
significantly decreased. OM digestibility, ammonia nitrogen, and total 
volatile fatty acid concentration in the rumen also tended to decrease. 
Thus, the reduction in CH, production in this experiment is thought to be 
related to the repression of rumen fermentation. Itabashi et ai, (8) also 
reported a decrease in CH 4 production and fiber digestibility by defauna­
tion. Effective regulation of rumen microorganisms without lowered diges­
tion of diet should therefore be implemented to reduce CH 4 production. 
4. Effect of Calcium Salts of Fatty Acid (CaFA) 
Methanogenic bacteria requires hydrogen to form CH 4 , and some 
microorganisms in the rumen use hydrogen to hydrogenate the double 
bonds of unsaturated fatty acids. Therefore, the addition of unsaturated 
fatty acids to the diet may result in an inhibition of CH 4 production. Table 
V shows the effects of feeding CaF A on CH, production and rumen 
fermentation in goats (J 2). Goats were fed diets consisting of 60% hay and 
40% concentrate. CH 4 production decreased with the feeding of CaF A and 
the extent of decrease became greater as the number of double bonds of fatty 
acids increased. CH 4 production from goats fed linoleic acid decreased by 
approximately 15% compared with control. In experiment I, OM intake, 
OM digestibility. and rumen fermentation were not affected by feeding 
CaF A. However, in experiment 2, OM digestibility was slightly depressed in 
stearic acid feeding treatment, and OM intake and rumen fermentation were 
slightly depressed when linoleic acid was fed. Ruminal protozoa and 
bacteria numbers were not affected. In an experiment where lactating cows 
were fed 40% roughage and 60% concentrate, CH 4 production, OM intake, 
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TABLE Y 
Effect of Calcium Soap of CaFA on rvlethane Production and Rumen Fermentation In 
Goats 
Experimem Experiment 2 
Item 
Control C18'0 CIS: Control C[8:0 CIS ., 
----~----- --6-5-2-·····-68-5-­
0!\1 intake. g'da: 714 745 744 630 
Supplemel1led CaFA. a 0\1 31 31 31: 3!C 
o· " 0\1 digestibil 64.~ 64.~ 6).3 70,1 64.1:­ -; l.2 *' *' ° 

CH, prod .. Ikg 0\1 3~...l 31.2 ~S.S 31.9 ::9.1 

,1001 (96) (fi9) ( 100) ,91 ) 
~0' 
0 \IE intake U.4" 11.9** 10.9" ,1 ___ ,' I 1.-:-
Ruminal parameter 
pH 6.S.' 6.66 6.68 6.bO 6.61 6.90 
NH,-N. mg 1001111 IS.S IS.:' 13.1 
Total YEAs. mmoL 76.:- () 77..+ 61.8* 6S., " S3.~"* 
Protozoa. log no/ml 5.87 5.~ S 5. -9 
Cellulolytic bacteria. log !\lPN 'ml 7.83 7.65 8.11 
Methanogenic. log \lPN,ml 8.17 8.1 I ;:·91 I 
...._-_... ....---_.... ..._-_....._­
"'Stearic acid (CI8: 0) 97.800. b'Oleic acid (CI8: I) 90.5°0. °Stearic acid (CI8: 0) 93.6%. 
"'Linoleic acid (CIS: 2) 80.00"i. '''Same a" in Table I. Data from Kurihara el al. (12). 
and DM digestibility were not affected by feeding CaFA. CaFA was a 
mixture of saturated fatty acid and monounsaturated fatty acids (fO). These 
results imply thM the effects or feeding CaFA on CH 4 production and 
rumen fermentation \ary with the nature of the fatty acids. the le\el of 
feeding. and the hay to concentrate ratio. Therefore. it is necessary to 
optimize the combination of diet and CaF A for practical feeding condi­
tions. 
SCr-.1MAR Y 
CH 4 production (Y I. liter/day) in ruminants was influenced by dietary 
factors and production level. A simple and applicable estimation equation 
was Y 1= -17.766+ 42.793Dt\11 O.849DMF. The relationship between 4% 
FCM (kg/day) and CH, production per unit FCM (Y:?. liter/kg FCM) in 
lactating cows could be expressed by the equation. Y2-8.19 300/FCM. 
From this equation. lactating cow populations and their FCM. it is evident 
that total CH 4 emission per year from lactating cows has remained approxi­
mately constant in Japan during the last ten years although total annual 
FCM increased. Furthermore. at maintenance energy level. increasing the 
ratio of concentrate to total diet containing optimum CP was not always 
207 METHANE PRODLCTION AND ITS MANIPLLATION 
useful for the reduction in CH, production. [n lactating cows. it was 
important to increase the ratio of concentrate to total diet with optimum 
CPo Defaunation by zinc sulfate supplementation remarkably decreased 
CH, production by 60%. ho\\e\er. DM disappearance of hay in the rumen 
was also reduced. By feeding CaFA. CH, production decreased by 0 to 15%. 
although the degree of this reduction \\as influenced by the nature of CaF A. 
feeding le\el. and hay to concentrate ratio. 
Considering the importance of iuminant li\estock \\hich ha\e the 
unique ability to COf1\'ert 10\\ quality plant materials into useful products. 
the establishment of an economlcall:- feasible \\ay to impro\e their produc­
tivity as \\ell as reduce their CH emission IS sorely needed. 
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